Objective: to compare the risk of incident hypertension between initiators of tumor necrosis factor (tnF)-α inhibitors and initiators of nonbiologic disease modifying antirheumatic drugs (hereafter referred to as nonbiologics) in rheumatoid arthritis patients taking methotrexate monotherapy. Methods: We conducted a cohort study using insurance claims data (2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012)) from the US. We identified initiators of use of either tnF-α inhibitors or nonbiologics. Subsequent exposure to these agents was measured monthly in a time-varying manner. the outcome of interest was incident hypertension, defined by a diagnosis and a prescription for an antihypertensive drug. Marginal structural models estimated hazard ratios (Hrs) adjusted for both baseline and time-varying confounders. to validate the primary analysis, we designed a verification analysis to evaluate a known association between leflunomide (a nonbiologic disease modifying agent) and hypertension. Results: We identified 4,822 initiations of tnF-α inhibitor use and 2,400 of nonbiologic use. crude incidence rates of hypertension per 1,000 person-years of follow-up were 36 (95% ci [confidence interval]: 32, 41) for the tnF-α inhibitor group and 42 (95% ci: 34, 51) for the nonbiologics group. the crude Hr of tnF-α inhibitors versus nonbiologics for the risk of incident hypertension was 0.85 (95% ci: 0.67, 1.1). after adjusting for both baseline and timevarying covariates using marginal structural models, the Hr was 0.95 (95% ci: 0.74, 1.2). in the verification analysis, the adjusted Hr of incident hypertension was 2.3 (95% ci: 1.7, 3.0) in leflunomide initiators compared with methotrexate initiators. Conclusion: treatment with tnF-α inhibitors was not associated with a reduced risk of incident hypertension compared with nonbiologics in rheumatoid arthritis patients. See Video abstract at http://links.lww.com/eDe/B36 (Epidemiology 2016;27: 414-422) R heumatoid arthritis is an autoimmune disease that affects approximately 1.3 million adults in the US.
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heumatoid arthritis is an autoimmune disease that affects approximately 1.3 million adults in the US. 1 Pharmacologic treatment with nonbiologic and biologic disease modifying antirheumatic drugs forms the mainstay of rheumatoid arthritis management. nonbiologic disease-modifying antirheumatic drugs, hereafter referred to in this context as nonbiologic drugs, include agents, such as methotrexate, sulfasalazine, hydroxychloroquine, and leflunomide that halt disease progression by suppressing inflammation. in contrast, biologic disease-modifying antirheumatic drugs target specific components of the immune system, such as t cells, B cells, and cytokines (i.e., tumor necrosis factor [tnF]-α and interleukins) that play an important role in the pathogenesis of rheumatoid arthritis.
Hypertension is one of the most prevalent comorbid conditions in the patients with rheumatoid arthritis. the prevalence of hypertension among rheumatoid arthritis patients is documented in the range of 30%-70% in prior studies. [2] [3] [4] Systemic inflammation, reflected by increased c-reactive protein, is hypothesized to play a role in the development of hypertension among rheumatoid arthritis patients. High levels of c-reactive protein (crP) are associated with reduced production of nitric oxide in endothelial cells, 5 which may result in increased blood pressure through vasoconstriction. 4 in addition, high amount of crP may also upregulate the expression of angiotensin type 2 receptors and may result in high blood pressure. 6 consistent with these proposed mechanisms, Division of rheumatology, immunology and allergy, Brigham and Women's Hospital, Boston, Ma; and elevated levels of crP are found to be associated with a greater risk of developing hypertension in a large prospective cohort study. 7 if greater systemic inflammation is associated with higher blood pressure in rheumatoid arthritis patients, reducing inflammation through treatment with a disease-modifying antirheumatic drug may reduce the risk of hypertension. as evidence also suggests a correlation between increased BP and high levels tnF-α, 8 biologic drugs acting through inhibition of tnF-α may have greater BP lowering effect compared with nonbiologic antirheumatic drugs. results from several small studies support the potential blood pressure-lowering effect of tnF-α inhibitors in rheumatoid arthritis patients. [9] [10] [11] Yet, no study has compared the effect of tnF-α inhibitors with nonbiologics on the development of incident hypertension in a population-based cohort of ra patients.
Managing the increased risk of cardiovascular diseases in rheumatoid arthritis patients remains a challenge for physicians. Since hypertension is a major risk factor for developing cardiovascular disease in patients with and without rheumatoid arthritis, 12 it is important to examine any potential reduction in the risk of incident hypertension associated with tnF-α inhibitor treatment in rheumatoid arthritis patients. therefore, the primary objective of this study was to compare the risk of incident hypertension associated with initiation of tnF-α inhibitors versus nonbiologic disease-modifying antirheumatic drugs in rheumatoid arthritis patients. We hypothesized that initiation of tnF-α inhibitors would be associated with a lower risk of developing hypertension compared with initiation of nonbiologic drugs in patients with rheumatoid arthritis.
METHODS

Study Design and Data Source
We conducted a retrospective cohort study to evaluate the association between tnF-α inhibitors and the risk of incident hypertension, using claims data between January 2001 and December 2012 from two commercial US health plansWellPoint and United Healthcare. these databases contain longitudinal claims information including medical diagnoses, procedures, hospitalizations, physician visits, and pharmacy dispensing on more than 40 million fully-insured subscribers across the US. these databases have been utilized in previous published studies of rheumatoid arthritis patients. [13] [14] [15] the study protocol was approved by the institutional review Board of the Brigham and Women's Hospital.
Study Population and Eligibility Criteria
the study population consisted of rheumatoid arthritis patients at least 18 years old who were continuously enrolled in their health plans for at least 6 months before the first recorded rheumatoid arthritis diagnosis. rheumatoid arthritis diagnosis was identified with a minimum of 2 icD-9-cM diagnosis codes for rheumatoid arthritis (714.xx) at least 7 days but no more than 365 days apart combined with at least one filled prescription for a disease-modifying antirheumatic drug. this algorithm is reported to have a positive predictive value of 86.2% in a validation study. 16 We further required the identified rheumatoid arthritis patients to meet the following inclusion criteria: (1) initiation of either tnF-α inhibitor initiators or nonbiologic diseasemodifying antirheumatic drugs; agents included in the tnF-α inhibitor class were adalimumab, certolizumab, etanercept, golimumab, and infliximab. agents included in the nonbiologic class were hydroxychloroquine, sulfasalazine, minocycline, gold compounds, azathioprine, cyclophosphamide, and penicillamine. initiators of leflunomide and cyclosporine were not included in the nonbiologic group since both agents are known to raise blood pressure. 17, 18 Because some disease-modifying antirheumatic drugs are administered in the outpatient setting such as infusions in physician offices, we used Healthcare common Procedure coding System J-codes found on outpatient services claims to comprehensively capture disease-modifying antirheumatic drug use in addition to pharmacy claims, (2) use of methotrexate monotherapy in the 6-month period before initiation of either a tnF-α inhibitor or another nonbiologic drug to ensure similar rheumatoid arthritis activity between the groups, 19 (3) no prevalent use of any other disease-modifying antirheumatic drug (except for methotrexate) in the 6-month period before initiation of either a tnF-α inhibitor or another nonbiologic drug to capture new users of these medications, 20 and (4) absence of existing cardiovascular diseases, including myocardial infarction, angina, heart failure, cerebrovascular disease, other forms of chronic heart disease, hypertension, or use of any antihypertensive medications (listed in eappendix 1; http://links.lww. com/eDe/B9) recorded any time before initiation of either a tnF-α inhibitor or another nonbiologic drug.
Study Enrollment Using Sequential Cohorts Approach
the above listed eligibility criteria were assessed during every month between July 2001 and november 2012 to create a sequence of 137 observational cohorts, each with an enrollment period of 1 month. in each of these monthly cohorts, eligible initiations of tnF-α inhibitor or nonbiologic drug were identified. in the second step, the participants were pooled across all these cohorts and analyzed as a single pooled cohort. Of note, some of the patients may be eligible for inclusion in more than one monthly cohort conditional upon meeting all the eligibility criteria at a later time point in the study. Please refer to eappendix Figure 1 (http://links.lww.com/eDe/B9) for a schematic representation of the sequential cohort setup. this methodology is conceptually similar to design of a clinical trial and when combined with appropriate statistical analyses, it properly accounts for time-varying confounding as detailed in prior publications. 21, 22 Drug Exposure Measurement and Follow-up after enrollment into one of the two study groups based on the disease-modifying antirheumatic drug initiation (tnF-α inhibitors or nonbiologic drugs), exposure to these agents was ascertained every month during follow-up as exposed or unexposed based on at least 1 day of prescription supply availability in a month for the respective classes. to account for imperfect adherence to drug classes under investigation during the study period, we restricted the analysis to months in which the participants adhered to the initiated disease-modifying antirheumatic drug treatment. 22 accordingly, in addition to stopping the follow-up at disenrollment from the health plan, administrative end point of the study (December 2012), or study outcome (hypertension), we also stopped the follow-up at the month in which patients changed their initiated treatment for nonclinically indicated reasons. a treatment change was defined as either discontinuation of the originally initiated disease-modifying antirheumatic drug (no prescription refill for two consecutive months for the respective class of drug after accounting for day supply of the most recent prescription) or initiation of a disease-modifying antirheumatic drug from another group (initiation of a tnF-α inhibitor in nonbiologic drug group patients and vice versa) during follow-up. treatment changes for clinically indicated reasons were not considered instances of noncompliance. accordingly, we did not stop the follow-up at a treatment change when such a change was preceded by diagnosis of a suspected adverse event (heart failure, malignancy, or infections for the tnF-inhibitor group and hepatic events or infections for the nonbiologic drug group).
Study Outcome Measurement
the outcome of hypertension was defined based on at least one diagnosis of hypertension (icD-9-cM code 401. xx) and a new prescription for an antihypertensive agent (list provided in eappendix 1; http://links.lww.com/eDe/B9). this algorithm of combining a diagnosis claim with a medication claim is reported to have 93% specificity in identifying patients with hypertension in administrative databases.
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Covariates two groups of covariates were considered: (1) timefixed covariates that were measured only once in the study at the time of enrollment for every participant including gender, diagnosis of diabetes (icD-9 code 250.xx), hyperlipidemia (icD-9 code 272.xx), obesity (icD-9 code 278.0x), smoking (icD-9 codes: 305.1x, 649.0x, 989.84, V1582; procedure codes for smoking counseling: 99406, 99407, S9075, S9453; or prescriptions for varenicline, bupropion, and nicotine), a combined comorbidity score, 24 use of antidiabetic and lipidlowering agents in the 6 months before initiating tnF-α inhibitors or nonbiologics; and (2) time-varying covariates that were updated monthly postinitiation of either tnF-α inhibitors or nonbiologic disease-modifying antirheumatic drugs including use of nonsteroidal anti-inflammatory drugs (nSaiDs), injectable steroids, cumulative dose of oral steroids (in prednisone equivalent milligrams), methotrexate, leflunomide or cyclosporine, and other non-tnF biologics, number of hospitalizations, emergency room visits, office visits, and distinct generic drugs. in addition, participant age was updated every year in the study.
Statistical Analysis
to account for the time-varying selection bias introduced by artificial censoring at deviation from the initiated diseasemodifying antirheumatic drug in our study, we used time-varying stabilized inverse probability treatment weights.
22,25 these weights were calculated monthly during the follow-up as a ratio of two subject-specific conditional probabilities. the numerator (the stabilizing factor) was the probability of receiving the disease-modifying antirheumatic treatment actually received in a month conditional on time-fixed covariates (measured at baseline) and past treatment history, while the denominator was the predicted probability of receiving the diseasemodifying antirheumatic treatment actually received in a month conditional on time-fixed covariates (measured at baseline), time-varying covariates (measured in the prior month), and past treatment history. Because we compared two active treatments in this study, the numerator and denominator for inverse probability treatment weights were computed as a product of two probabilities derived from two nested logistic regression models. the first model estimated the monthly probability of receiving either of the two disease-modifying antirheumatic treatments (tnF-α inhibitors or nonbiologic treatment) and the second model estimated the monthly probability of receiving tnF-α inhibitors among those who received either of the two disease-modifying antirheumatic treatments. Please refer to eappendix 2 (http://links.lww.com/eDe/B9) for technical details of inverse probability treatment weight calculations. after calculation, the weights were truncated at 1st and 99th percentiles to prevent unduly influence by outliers with very large weights and to improve precision. 22, 26 after truncation of the inverse probability treatment weights, a weighted pooled logistic regression model was specified to derive estimates for the effect of tnF-α inhibitors compared with nonbiologic disease-modifying antirheumatic drugs on the risk of incident hypertension. this model adjusted for only time-fixed covariates since timevarying covariates were accounted for while constructing inverse probability treatment weights. Under the assumption of no unmeasured confounding, parameters of this weighted pooled logistic model estimate hazard ratios (Hr) of a marginal structural model. 22 Since some of the patients may be eligible for inclusion in more than one monthly cohorts conditional upon meeting all the eligibility criteria, we used a robust variance estimator to estimate conservative 95% confidence intervals (ci). 27 to evaluate the cumulative effect of tnF-α inhibitor use on the risk of incident hypertension, we further specified a dose-response marginal structural model with restricted cubic splines for continuous cumulative months of treatment with tnF-α inhibitors with three knots (at 12, 24, and 36 months).
For this dose-response model, we calculated standardized monthly survival probabilities for up to 3 years of follow-up and produced inverse probability-weighted survival curves. in addition to calculating adjusted Hrs as described above, survival difference between the two groups at 3 years of followup was reported for this dose-response marginal structural model along with 95% ci, which were derived using nonparametric bootstrapping with 500 samples. all the analyses were conducted using SaS 9.3 (SaS institute, cary, nc).
Sensitivity Analyses
to evaluate the robustness of our findings, we conducted two sensitivity analyses. in the first sensitivity analysis, we restricted analysis to patients using nSaiDs or steroids before their study enrolment date. this sensitivity analysis was designed to ensure restriction of the study cohort to a homogenous group of patients with higher disease activity at baseline. in the second sensitivity analysis, we restricted the tnF-inhibitor initiator group to only infliximab users to facilitate the comparison of our study with a prior study from Klarenbeek et al., 10 who documented a reduction in BP in users of infliximab compared with users of nonbiologic disease-modifying antirheumatic drugs.
Verification (Positive Control) Analysis
to validate the results of observational studies evaluating an unknown association, some authors have suggested the use of a verification analysis that demonstrates the presence of known effects of a drug in the dataset being studied. 28 Following this suggestion, we designed a verification analysis to evaluate a known association between leflunomide and hypertension 17, 29 in our dataset using exactly the same methodology (sequential cohorts) and analysis techniques (marginal structural models) that were used for the primary analysis. eappendix 3 (http://links.lww.com/eDe/B9) provides the details on the study design and analytic methods for this verification analysis.
RESULTS
Cohort Selection
We identified a total of 72,668 patients with rheumatoid arthritis who had at least 6 months of continuous insurance enrollment before their first recorded rheumatoid arthritis diagnosis in our databases. Of these, 6,862 individuals met all the inclusion criteria, who accounted for 7,222 eligible initiations for the disease-modifying antirheumatic drugs of interest (Fig. 1) .
Patient Characteristics
characteristics of our study participants were presented at baseline as well as at 6 months, and at 12 months during the follow-up among those who remain uncensored at 6 and 12 months in the study to understand potential reasons for differential censoring over time between the two groups (table 1). Both groups had similar distribution of the comorbid conditions and concurrent medication use at baseline. However, the nonbiologic disease-modifying antirheumatic drug group had a higher proportion of females (79% vs. 73%). During the follow-up, the nonbiologic group was censored more frequently compared with the tnF-α inhibitor group (50% vs. 26% censored at 6 months, and 73% vs. 49% censored at 12 months). However, among those who remained uncensored at 6 and 12 months, the distribution of the time-fixed covariates was observed to be very similar compared with the distribution at baseline.
Some interesting contrasts were observed in the distribution of time-varying covariates during follow-up. Use of rheumatoid arthritis-related medications for chronic pain such as nSaiDs and oral steroids was found to be higher in the tnF-α inhibitor group at baseline. However, during the follow-up, a reversal of this trend was seen with lower prevalence of use of these agents in the tnF-α inhibitor group at 6 and 12 months compared with the nonbiologic group.
Risk of Incident Hypertension
We observed a total of 370 incident hypertension cases during follow-up, 273 in the tnF-α inhibitor group and 97 in the nonbiologic disease-modifying antirheumatic drugs group (table 2). crude incidence rates per 1,000 person-years were 36 (95% ci: 32, 41) for the tnF-α inhibitor group and 42 (95% ci: 34, 51) for the nonbiologic drugs group. the crude Hr for tnF-α inhibitors compared with nonbiologic (7) 354 (7) 77 (6) 253 (7) 34 (5) 157 ( (7) 318 (7) 85 (7) 247 (7) 48 (7) 180 (7) Diabetes medications 57 (2) 102 (2) 28 (2) 76 (2) 18 (3) 46 (2) (12) 46 (11) 49 (12) 46 (11) 50 (11) 46 (11) disease-modifying antirheumatic drugs on the risk of incident hypertension was 0.85 (95% ci: 0.67, 1.1). the Hr adjusted for only time-fixed covariates was 0.92 (95% ci: 0.73, 1.2). after adjustment with both time-fixed and timevarying covariates using marginal structural models, the Hr of incident hypertension was 0.95 (95% ci: 0.74, 1.2). in the dose-response marginal structural model, the adjusted Hr for hypertension after 3 years of continuous treatment with tnF-α inhibitors versus nonbiologic disease-modifying antirheumatic drugs was 0.96 (95% ci: 0.63, 1.4). the difference in the absolute risk of hypertension (the survival difference) between continuous use of tnF-α inhibitors and nonbiologic disease-modifying antirheumatic drugs was 1.5% (95% ci: −2.3%, 4.8%) at 3 years of follow-up (Fig. 2) . Findings from both sensitivity analyses were qualitatively similar to our main results (table 3) .
Verification (Positive Control) Analysis
in the verification analysis, 57 incident hypertension events in the leflunomide group (out of 768 total initiations) and 493 incident hypertension events in the methotrexate group (out of 11,652 total initiations) were observed. the crude incidence rates of hypertension per 1,000 person-years were 77 (95% ci: 59, 100) for leflunomide and 35 (95% ci: 32, 39) for methotrexate initiators. the crude Hr was 2.2 (95% ci: 1.7, 2.9) in leflunomide initiators versus methotrexate. after adjusting for both time-fixed and time-varying covariates using marginal structural models, the Hr of incident hypertension was 2.3 (95% ci: 1.7, 3.0) in leflunomide initiators. eappendices 4 and 5 (http://links.lww.com/eDe/ B9) describe the patient characteristics and results from statistical models for this verification analysis, respectively.
DISCUSSION
in this large observational study of patients with rheumatoid arthritis on methotrexate monotherapy, we did not observe a reduced risk of incident hypertension associated with initiation of tnF-α inhibitors compared with nonbiologic disease-modifying antirheumatic drugs after carefully controlling for multiple time-fixed and time-varying confounders. Furthermore, no dose-response association between cumulative use of tnF-α inhibitors and the risk of incident hypertension was observed.
the finding of no risk reduction in hypertension after tnF-α inhibitor treatment observed in this study is in contrast with the a priori hypothesis based on observations from earlier studies. [9] [10] [11] there are several factors that may explain time-fixed covariates (measured at initiation of either tnF-inhibitor of nonbiologic DMarDs): gender, diabetes, hyperlipidemia, lipid-lowering agent use, antidiabetic medication use, obesity, smoking, combined comorbidity score.
b time-varying covariates (updated monthly postinitiation of either tnF-inhibitor of nonbiologic DMarDs): use of nonsteroidal anti-inflammatory drugs, injectable steroids, cumulative dose of oral steroids, methotrexate use, leflunomide or cyclosporine use, other non-tnF biologic use, hospitalizations, emergency room visits, office visits, and number of distinct drugs, and age (updated every year in the study). DMarDs indicate disease-modifying antirheumatic drugs; iPtW, inverse probability treatment weights. FIGURE 2. Inverse probability weighted survival curves for the effect of TNF-α inhibitors versus nonbiologic DMARDs on the risk of incident hypertension, dose response marginal structural model. Cumulative treatment with TNF-α inhibitors modeled as restricted cubic splines. Model adjusted for (1) time-fixed covariates (measured at initiation of either TNF-α inhibitor of nonbiologic DMARDs): gender, diabetes, hyperlipidemia, lipid-lowering agent use, antidiabetic medication use, obesity, smoking, combined comorbidity score, (2) time-varying covariates (updated monthly postinitiation of either TNF-α inhibitor of nonbiologic DMARDs): use of NSAIDs, injectable steroids, cumulative dose of oral steroids, methotrexate use, leflunomide or cyclosporine use, other non-TNF biologic use, hospitalizations, emergency room visits, office visits, and number of distinct drugs, and age (updated every year in the study) using marginal structural models after inverse probability treatment weighting. Weights were truncated at the 1st percentile (0.51) and 99th percentile (1.99). Mean (SD) of the weights were 0.98 (0.19) after truncation. nbDMARDs indicates nonbiologic disease-modifying antirheumatic drugs; TNFi, tumor necrosis factor-α inhibitors.
this discrepancy. First, two of the three earlier studies measured reduction in blood pressure as the outcome within short follow-up times in small groups of patients, 16 patients for two weeks 11 and 23 patients for up to 12 weeks, 9 after treatment with tnF-α inhibitors. it is possible that reductions observed immediately following tnF-α inhibitor treatment in these studies may not persist over long-term and hence tnF-α inhibitors may not confer any benefit in preventing hypertension. in a long-term follow-up study, Klarenbeek et al. 10 observed reductions in systolic blood pressure up to 1 year after infliximab treatment in 128 patients; however, the extent of reduction was modest (3-5 mm hg compared with nonbiologic disease-modifying antirheumatic drugs). Second, the focus of our study was on development of incident hypertension and therefore we excluded patients with pre-existing hypertension or patients using antihypertensive medications from our study. none of the three prior studies employed these exclusion criteria, presumably to preserve power because nearly a third of the included patients had pre-existing hypertension in these studies. therefore, it is possible that our findings may not be directly comparable with the prior studies due to differences in this important aspect of the study populations.
Despite of the lack of reduction in the risk of hypertension, an important risk factor for cardiovascular disease, observed in this study, tnF-α inhibitors have been found to reduce the risk of cardiovascular diseases in patients with rheumatoid arthritis in prior studies. 15, [30] [31] [32] Our results suggest that the overall cardiovascular disease risk reduction conferred by tnF-α inhibitors may be mediated by their beneficial effects on cardiovascular risk factors other than hypertension. these effects may include reduction in diabetes risk by improvement in insulin resistance 33, 34 or control of atherosclerotic process through improved control of inflammation. 35, 36 Our study has several strengths. We carefully designed our study in rheumatoid arthritis patients on methotrexate monotherapy only to ensure inclusion of patients who are homogenous in terms of their disease progression and compared the risk of hypertension between new users of tnF-α inhibitors and of nonbiologic disease-modifying antirheumatic drugs to minimize confounding by indication. 19 to address confounding due to factors that may affect the association between tnF-α inhibitors and hypertension in a time-varying manner, we used advanced statistical techniques of inverse probability treatment weights and marginal structural models. these methods have been shown to appropriately account for confounding due to factors that change with time in a longitudinal follow-up studies. 25 in this particular study, comparison of steroids and nSaiD use between the two study groups at baseline and after 12 months of follow-up (table 1) indicated that the prevalence of these factors changed with time in both study groups in a manner that was suggestive of influence by the disease-modifying antirheumatic drug treatment (lower use of nSaiDs in the tnF-α inhibitor group at 12 months may be due to better control of disease activity). in the current study, the magnitude of this time-varying confounding was not large enough to alter the inference as evidenced by similar Hrs with largely overlapping cis observed in models that did and did not account for this confounding (table 2) . However, failure to appropriately account for time-varying confounding can potentially lead to invalid inferences in circumstance where the magnitude of this confounding is greater. to evaluate the robustness of our main results, we conducted two additional sensitivity analyses, which demonstrated consistent findings. to validate our null findings for the association between tnF-α inhibitors and hypertension, we demonstrated a known association between leflunomide and hypertension in a prespecified verification analysis using the same study design, analysis technique, dataset, and outcome definition that was used for the original analysis.
there are some limitations to our study. First, as there were no data available on rheumatoid arthritis disease activity measures such as the disease activity score measured in 28 joints (DaS28) or the rheumatoid arthritis disease activity index (raDai) in the study database, our study may suffer from residual confounding by disease activity, as disease activity likely plays a major role in treatment selection and it may also be an independent risk factor for the outcome. to address this limitation, we accounted for several time-varying measured confounders as proxies, including steroid use and nSaiD use, which are likely to be associated with the unmeasured disease activity. this study may further be subject to residual confounding by factors not captured in the iPtW adjusted for time-fixed covariates (measured at initiation of either tnF-inhibitor of nonbiologic DMarDs): gender, diabetes, hyperlipidemia, lipid-lowering agent use, antidiabetic medication use, obesity, smoking, combined comorbidity score, as well as time-varying covariates (updated monthly postinitiation of either tnF-inhibitor of nonbiologic DMarDs): use of nSaiDs, injectable steroids, cumulative dose of oral steroids, methotrexate use, leflunomide or cyclosporine use, other non-tnF biologic use, hospitalizations, emergency room visits, office visits, and number of distinct drugs, and age (updated every year in the study). Weights were truncated at the 1st percentile and 99th percentile.
DMarDs indicate disease-modifying antirheumatic drugs; iPtW, inverse probability treatment weights; tnF, tumor necrosis factor.
claims data, such as body weight, physical activity, alcohol consumption, and dietary habits. next, as we defined rheumatoid arthritis, hypertension, and other covariates based on diagnosis codes and/or prescription, misclassification bias is possible. to minimize this bias, we used validated algorithms to identify rheumatoid arthritis 16 and hypertension. 23 However, since the algorithm that we used to define the outcome of hypertension requires that patients fill at least one prescription for an antihypertensive medication, the rates presented in this study do not include untreated hypertension and therefore may be an underestimation of the incidence of hypertension. For comparison, an incidence rate of 48.6 hypertension cases per 1,000 person-years is reported in population-based cohorts (atherosclerosis risk in communities and Multi-ethnic Study of atherosclerosis), 37 which is higher than the rate seen in the current cohort (37.3 per 1,000 person-years). However, the under-ascertainment of hypertension is unlikely to be differential between the two treatment groups in this study and therefore not expected to introduce a systematic bias.
in conclusion, treatment with tnF-α inhibitors was not associated with a reduced risk of incident hypertension compared with nonbiologic disease-modifying antirheumatic drugs in rheumatoid arthritis patients. Future research identifying the mechanisms of the reduced cardiovascular disease risk with tnF-α inhibitor treatment may be helpful in targeting specific subgroups of patients for maximizing the cardiovascular benefits of tnF-α inhibitors.
